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Description 

Technical Field 

[0001 ] This invention relates to a method and assem- 
bly for the detection, identification, enumeration and 
confirmation of circulating cancer and/or hematologic 
progenitor cells in an anticoagulated whole blood sam- 
ple which is contained in a transparent sampling tube 
assembly. The detection, identification, enumeration 
and confirmation steps can all be performed in situ in 
the sampling tube assembly. More particularly, the 
method of this invention involves the centrifugal density- 
based separation of the contents of the blood sample in 
a manner which will ensure that any circulating cancer 
and/or hematologic progenitor cells in the biood sample 
are physically displaced by their density into a predeter- 
mined axial location in the blood sample and in the sam- 
pling tube assembly, and also into a restricted optical 
plane in the sampling tube assembly which is adjacent 
to the wall of the sampling tube, and finally into a very 
well-defined zone of that optical plane. 

Background Art 

[0002] Cytology is the science and technology in- 
volved in the morphological characterization of mamma- 
lian cells. Cytology has clinical utility in both human and 
veterinary medicine. Cytology is most often used to di- 
agnose the presence or absence of malignancy in ex- 
foliated or harvested cells: a) that are shed into a body 
cavity such as the pleural space or peritoneum; b) that 
are shed into a body fluid that is excreted as, for exam- 
ple, sputum or urine; c) that are obtained by scraping or 
brushing a body surface, such as the uterine cervix, the 
uterine cavity, or bronchial mucosa; or d) that are ob- 
tained by direct needle-mediated aspiration from a tu- 
mor such as tumors of the thyroid, breast, lung, or the 
like. The exfoliated or harvested cells are then typically 
fixed, stained and visually studied, usually by bright field 
microscopy, and then, if needed, by immunologic stains 
and/or other molecular techniques. 
[0003] This year approximately five hundred- sixty 
thousand people will die from solid tumors (predomi- 
nantly carcinomas) in the USA. Many of these deaths 
could be prevented by early diagnosis of these malig- 
nancies. Unfortunately, with the possible exception of 
the Prostate Specific Antigen (PSA) test for prostate 
cancer, there is no practical and routine methods that 
have been found to be effective for early detection of 
solid tumors through blood analysis. 
[0004] Through early detection of cervical cancer, the 
Pap smear has decreased mortality from cervical can- 
cer in the United States by over seventy percent. Devel- 
opment of an analogous test for other solid tumors could 
have a similar impact on overall cancer mortality. 
[0005] The presence of circulating cancer cells that 
are spontaneously shed by cancerous tumors into the 



circulating blood stream which is supplying the tumors 
with oxygen and nutrients has been confirmed. The 
presence of such cells in the blood stream has been in- 
ferred for decades because of the spread of cancerous 

5 tumors by what has been described as the hematoge- 
nous route and on very rare occasions have been visu- 
alized in blood specimens. Recently sophisticated pro- 
cedures which employ reverse transcriptase in conjunc- 
tion with Polymerase Chain Reaction (PCR) have been 

10 able to detect the presence of tumor cells by their mo- 
lecular signature in a significant number of patients with 
cancer, both when the cancer is localized and after it 
has spread. 

[0006] An additional means of detecting circulating 
15 cancer cell employs a technology known as Fluorescent 
Activated Cell Sorting (FACS), such as that manufac- 
tured by Becton Dickinson and Company of Franklin 
Lakes, New Jersey. The FACS detection of circulating 
cancer cells involves detection of cancer cells by detect- 
ing fluorescent labeled antibodies which are directed 
against and bound to one or more epitopes that are 
present on or in cancer cells, and are not present on or 
in normal blood cells, and/or by detecting combinations 
of epitopes that are present on or in circulating normal 
blood cells and that may or may not be present on or in 
cancerous cells, or combinations of the aforesaid meth- 
ods. 

[0007] The FACS technology is thus based on cell 
highlighting, i.e., it is photometric and utilizes antibody- 
epitope specificity, and it cannot be used to morpholog- 
ically analyze cells in situ in the FACS instrument. Both 
the reverse transcriptase/PCR, (the molecular method), 
and the FACS, (the immuno-phenotypic method), re- 
quire that the origin of the tumor being sought be known 
in order to select for the specific molecular species or 
immuno-phenotypic signals. The aforesaid techniques 
have contributed to confirmation of the theory that can- 
cer cells do circulate in the blood stream, but these tech- 
niques are not practical especially in point of care appli- 
cations, by virtue of their cost and/or nature, for detect- 
ing the presence or absence of circulating tumorous 
cancer cells in the blood stream. Thus, there is no gen- 
eral or generic blood analyzing procedure for the detec- 
tion and confirmation of the malignant nature of circu- 
lating cancer cells, regardless of their source, in a pa- 
tient. In addition, neither the aforesaid molecular nor the 
immuno-phenotypic methods utilize in situ, i.e., in a 
closed sampling system, cytopathologically-based 
analyses to determine the morphometric characteristics 
of circulating cells which permit cancer cells to be iden- 
tified and confirmed. 

[0008] Since approximately eighty two percent of all 
cancers are epithelial in origin (seventy two percent of 
which are fatal), epithelial cancer cells should be detect- 
able in circulating blood. While the presence of epithelial 
ceils in the circulating blood stream does not, by itself, 
prove malignancy, it does alert the cytologist to the 
greater likelihood of malignancy since epithelial cells are 
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not normally seen in the circulating blood stream. In cer- 
tain cases, however; such as after surgery; or as a result 
of physical trauma; or as a result of dental flossing, or 
in cases of prostatitis, for example, it is possible that 
non-malignant epithelial cells may be found in the circu- 
lating blood stream. Visual morphological analysis of 
cells is currently the most reliable way to distinguish can- 
cerous epithelial cells from benign epithelial cells which 
are found in the circulating blood sample. One problem 
which exists in connection with attempts to detect circu- 
lating cancer cells in blood via morphological analysis 
relates to the fact that circulating cancer cells in blood 
are often virtually indistinguishable from circulating he- 
matologic progenitor cells, or blasts, by cytological anal- 
ysis alone. 

[0009] The paucity of cancer cells that may be present 
in a sample of circulating blood would require the cy- 
topathologist to carefully examine approximately ten 
million nucleated blood cells in order to find one cancer 
cell, and that one cancer cell would be randomly located 
in the ten million nucleated blood cells, which in turn will 
themselves be homogeneously dispersed in a sea of 
five billion non-nucleated cellular blood constituents, i. 
e., the erythrocytes, plus two hundred fifty million plate- 
lets, all of which will be found in one milliliter of blood. 
Such a task would be very time consuming, and is thus 
impractical for use in analyzing a patient's blood for the 
presence or absence of cancer cells. 
[001 0] Another type of rare circulating nucleated cells 
which may be found in a blood sample are hematologic 
progenitor cells (HPC's), which include blasts, stem 
cells, and other progenitors of normally circulating cells 
are not usually present in a sample of circulating blood 
at levels which can be detected by the use of presently 
available hematotopic instruments, such as impedance 
counters and examination of stained peripheral blood. 
In patients who are receiving chemotherapy and in pa- 
tients who are receiving human granulocyte colony- 
stimulating factor (HGCSF), and other similar cytokines, 
HPC's are more likely to be present, but generally at 
very low numbers, i.e., at about one to one thousand 
per ml, or less, of the sample. Thus, low concentrations 
of HPC's in a blood sample renders the HPC's non-de- 
tectable by routine methods. 
[0011] It is important to detect and enumerate the 
HPC's because their enumeration can permit more effi- 
cient harvesting of the HPC's for clinically important 
stem cell transplant therapies. Similarly, the detection of 
circulating cancer cells in patients whose HPC's are be- 
ing harvested is important so that reinfusion into the pa- 
tient of harvested circulating cancer cells can be mini- 
mized. 

[0012] A technique has been developed to measure 
constituent layers in a complex material mixture by cen- 
trifuging a sample of the material mixture in a capillary 
or other tube which contains an insert, typically a float. 
The float is preferably cylindrical, and has a specific 
gravity which causes it to settle into the centrifuged mix- 



ture to a degree which creates an annular free volume 
in the tube into which the layer, or layers to be measured 
will settle. The layers to be measured are thus physically 
elongated, and can thus be more easily and accurately 

5 measured. The aforesaid technique is described in U. 
S. Patents Nos. 4,027,660, issued June 7, 1977; 
4,082,085 issued April 4, 1978; 4,156,570 issued May 
29, 1 979; and others. This technology is presently being 
marketed by Becton Dickinson and Company under the 

10 registered trademark "QBC. This "QBC fl technology 
has been adapted for use in the isolation and identifica- 
tion of microfilaria! infestation of a blood sample, as set 
forth in U.S. Patent No. 4,190,328, issued February 26, 
1980. U.S. Patents Nos. 5,403,714, issued April 4, 

15 1995; 5,496,704, issued March 5, 1996; 5,506,145, is- 
sued April 9, 1996; and others describe the use of the 
aforesaid "QBC" technology to assay anticoagulated 
whole blood for various analytes; and also to assay tis- 
sue samples for the presence or absence of cancerous 

20 tumor cells, wherein tissue samples are admixed with a 
saline buffer solution prior to analysis. 
[0013] It is evident that there exists a compelling need 
for a simple procedure and a system for performing such 
a procedure whereby a sample of capillary blood or ve- 

25 nous blood could be quickly and accurately analyzed for 
the presence or absence of circulating cancer cells and/ 
or hematologic progenitor cells. Additionally, the proce- 
dure should enable one to differentiate cancer cells from 
hematologic progenitor cells; and also enable one to 

30 confirm the nature of detected cells, all in situ, in the 
blood sampling paraphernalia: 

Disclosure of the Invention 

35 [0014] This invention relates to a method and appa- 
ratus for visually or photometrically detecting circulating 
cancer and/or hematologic progenitor cells in an antico- 
agulated whoie blood sample, which blood sample is 
contained in a transparent sampling tube. The detection 

40 and confirmation of circulating cancer and/or hemato- 
logic progenitor cells in the blood sample can be at- 
tained in a matter of minutes by utilizing the fact that 
circulating cancer cells which are of epithelial origin, and 
hematologic progenitor cells, when present in the circu- 

45 lating blood stream, have a different density than the 
other nucleated constituents of blood and, when gravi- 
metricaily separated, the epithelial cancer and/or hema- 
tologic progenitor cells will layer out in, or adjacent to, 
the platelet layer of the centrifuged blood sample. We 

so have determined that circulating epithelial cancer and/ 
or hematologic progenitor cells do not layer out by sed- 
imentation, i.e., by size, in the centrifuged blood sample, 
but rather layer out by density in the centrifuged blood 
sample. The platelet layer is a blood constituent layer 

55 which is generally devoid of nucleated cells, and is also 
free of materials which are susceptible to DNA staining, 
thus allowing quick identification of nucleated ceils 
which are in the vicinity of the platelet layer. 
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[0015] This invention allows in situ, i.e., in the sam- 
pling paraphernalia, visual morphometric analysis and 
also labeled epitopic analysis and identification of sus- 
picious, i.e., large cells of low specific gravity, nucleated 
cells which are found in the centrifuged blood sample. 5 
The invention also can allow in situ analysis of the sus- 
picious cells in the sampling tube assembly. Such anal- 
ysis can confirm whether individual suspicious cells are 
epithelial and malignant; epithelial and benign; or non- 
epithelial in origin but are hematologic progenitor cells, 
all without removing the blood sample from the sampling 
tube. A significant advantage to using the "QBC" para- 
phernalia to isolate and identify circulating cancer and/ 
or hematologic progenitor cells in anticoagulated whole 
blood is that the "QBC" paraphernalia provides a closed 
system which is not susceptible to cross contamination 
from other samples. This advantage is very important in 
a reliable rare event detection system. 
[0016] The cancer and/or hematologic progenitor 
cells in question are found to be in the vicinity of the 
platelet layer in a blood sample which has been centri- 
fuged in the aforesaid M QBC H tube and insert parapher- 
nalia, when the blood sample is examined under appro- 
priate magnification. The procedure of this invention 
thus involves two steps which are each performed in situ 
while the blood sample remains in the sampling tube. 
[0017] One step involves the detection of character- 
istic epitopic highlighting on the cells to determine the 
epithelial origin, or hematologic progenitor origin, of the 
nucleated cells noted in the tube. This step can be char- 
acterized as an "epitopic" analysis. In performing the 
epitopic step, one can use epithelial-specific antigens, 
such as E-cadherin, Cadherin 11, Epithelial membrane 
antigen (EMA), Carcino embryonic antigen (CEA), In- 
tegrins, EP-CAM, MUC3, CD-44, growth factor recep- 
tors, such as epidermal growth factor (EGF) receptor, 
Hepatocyte growth factor (HGF) receptor, among others 
for detection of cells of epithelial origin. 
[0018] In order to detect cells of HPC origin, HPC 
epitopic-specific labeled antibodies which are directed 
against CD-33, CD34, for example, may be used. Epi- 
thelial cells will not be recognized by the aforesaid HPC- 
specific antibodies, nor will the HPC cells be recognized 
by the labeled epithelial-specific antibodies or . other 
binding particles. Liposome encapsulation of the label 
may be used to enhance the ratio of signal to noise, and/ 
or to change the density of the targeted cells. Encapsu- 
lation of dyes in liposomes, modification of the lipo- 
somes with binding agents, and attachment of labeled 
liposomes to target analytes in a sample, are all de- 
scribed in U.S. Patent No. 5,593,848, issued January 
14, 1997 to R. A. Levine et al. 
[0019] The other step involves morphological exami- 
nation of cells either to identify suspicious cells, or to 
confirm the malignant nature of the cells. The other step 
can therefore be characterized as a "morphometric" or 
"morphological;" analysis. A universal morphometric 
stain such as acridine orange, DAPI, Hoechst, or 



"SYTO" brand dyes, or the like can be employed in this 
step. These two steps can be performed in either order, 
i.e., either one can be used to identify suspicious cells 
in the blood sample, and the other can be used to con- 
firm the malignant or benign nature of any suspicious 
cells. The decision to rely on either the epitopic or mor- 
phometric analysis, or both, to determine the malignan- 
cy of a cell is dependent upon the type of tumor(s) that 
encountered. In some cases, the morphometric features 
alone are sufficiently characteristic so as not to require 
any additional confirmatory test. In other cases, an 
epitopic analysis may alone be sufficient. It is generally 
desirable and prudent to use both the epitopic and mor- 
phometric analyses in assaying the blood sample. 
[0020] Morphometric analysis of suspicious nucleat- 
ed cells that are detected in the vicinity of the platelet 
layer in the centrifuged blood sample can be accom- 
plished by a cytopathologist visually, analyzing the 
blood sample either in situ in the tube, or by the cy- 
topathologist visually analyzing an image, or a series of 
images, of the suspicious cells, which images are cap- 
tured in situ in the tube, either manually by a technician- 
operated camera, or are captured automatically by an 
automated imaging instrument. The visual and image 
analysis or capture steps of the blood analysis method 
of this invention are all conducted with optical magnifi- 
cation of the centrifuged blood sample while the latter 
remains in the sampling tube. Morphometric analysis of 
captured images of nucleated cells from the blood sam- 
ple can be remotely performed on the captured images. 
[0021] Detection of nucleated cells which are sus- 
pected to be cancerous or of hematologic progenitor or- 
igin that are found in the centrifuged blood sample in the 
vicinity of the platelet layer can be based upon differen- 
tial staining of the suspect cells as a result of the pres- 
ence and/or absence of surface epitopes known to be 
present or absent on most epithelial cells, and/or on 
most epithelial cancer and/or hematologic progenitor 
cells, and are also known to be absent on normal circu- 
lating nucleated and non-nucleated blood cells or their 
precursors. Fluorophores or other detectable dyes or 
markers with distinctive emissions, such as Rhodamine, 
Fluorescein, Cy3, Cy5, Texas Red, Bodipy, or the like, 
can be coupled to antibodies or antigens, either directly, 
or after being encapsulated in liposomes as described 
in the aforesaid U.S. Patent No. 5,593,848. 
[0022] Another way to detect nucleated cells in the 
blood sample involves the addition to the blood sample 
of a universal nucleated cell stain such as acridine or- 
ange, Hoescht, DAPI, or "SYTO" brand dyes for exam- 
ple, which are capable of differentially staining all nucle- 
ated cells that may be found in the blood sample so as 
to differentially highlight and clarify the morphology of 
all of the nucleated cells in the blood sample. 
[0023] The epitopic stains and the universal stain will 
maximally fluoresce at different wavelengths, thus al- 
lowing the detection of suspicious cells visually or by 
means of an automated instrument. For example, the 
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centrifuged blood sample can be scanned by an appro- 
priate instrument so as to identify all nucleated cells in 
the region of interest, and then scanned again with a 
different light filter set so as to identify all epithelial cells 
in the blood sample. In this way, cells can be identified 5 
which call for visual inspection for abnormal morpholo- 
gy. The visual morphometric examination can be per- 
formed as a preliminary detection test or it can be per- 
formed as the subsequent confirmatory test of the na- 
ture of the suspicious cells. 

[0024] The preliminary morphometric visual analysis, 
or the photometric epitopic analysis, will be performed 
in the vicinity of the platelet layer of the expanded buffy 
coat in the blood sample. The fact that circulating cancer 
cells of epithelial origin, as exemplified by lung cancer, 
prostate cancer, breast cancer, rectal/colon cancer, 
ovarian cancer, and kidney cancer, among others, can 
be found in the vicinity of the platelet layer in a centri- 
fuged sample of anticoagulated whole blood without the 
need of an extraneous density gradient, and can be mor- 
phologically and colorometrically identified in situ in the 
blood sample tube as being cancerous, is not described 
in the literature. 

Furthermore, the fact that circulating hematologic pro- 
genitor cells, which are derived from the bone marrow 
and are precursors of leukemia, can be found without 
the need of an extraneous density gradient in the vicinity 
of the platelet layer in a centrifuged sample of anticoag- 
ulated whole blood and can be epitopically identified, is 
likewise not described in the literature. 
[0025] It is therefore an object of this invention to pro- 
vide a method and apparatus for detecting, identifying 
and confirming the presence or absence of circulating 
cancer and/or hematologic progenitor cells in a centri- 
fuged anticoagulated whole blood sample which is con- 
tained in a transparent tube. 

[0026] It is an additional object of this invention to pro- 
vide a method and apparatus of the character described 
wherein the circulating cancer and/or hematologic pro- 
genitor cells are isolated from a vast majority of non- 
cancerous and non-hematologic progenitor nucleated 
blood cells in the blood sample. 
. [0027] It is a further object of this invention to provide 
a method and apparatus of the character described 
wherein the preliminary detection step may be per- 
formed either visually or epitopically by appropriate in- 
strumentation, and also wherein the subsequent confir- 
mation step can be performed either visually or epitop- 
ically. 

[0028] It is a supplementary object of this invention to 
provide a method and apparatus of the character de- 
scribed wherein isolated nucleated cells in the centri- 
fuged blood sample can be confirmed as malignant or 
benign (negative), or as hematologic progenitor cells, in 
situ in the tube. 

[0029] It is a further object of this invention to provide 
a method and apparatus of the character described 
which enables enumeration of detected circulating can- 



cer and/or hematologic progenitor cells in the blood 
sample. 

[0030] It is another object of this invention to provide 
a method and apparatus of the character described 
wherein the blood sample analysis is performed in situ 
in a closed system which system is resistant to contam- 
ination from ambient surroundings, thereby reducing the 
possibility of false positive results. 
[0031 ] These and other objects and advantages of the 
invention will become more readily apparent from the 
following detailed description of the invention when tak- 
en in conjunction with the accompanying drawings, in 
which: 

Brief Description of the Drawings 
[0032] 

FIG. 1 is a side elevation view of a tube and float 
paraphernalia assembly which can be utilized to 
perform the procedure of this invention; 

FIG. 2 is a schematic view of an automated micro- 
scopical instrument assembly which is adapted for 
use in conjunction with the paraphernalia of FIG. 1 
to perform the procedure of this invention; 

FIG. 3 is a graphic depiction of a photomicrograph 
taken of cultured breast cancer cells (MDA-MB- 
468) which were added to a sample of acridine or- 
ange-stained anticoagulated whole blood, and 
which cells were isolated, visually identified, and 
visually confirmed in the centrifuged blood sample 
using a 10X objective lens in an appropriately con- 
figured microscopical instrument assembly; 

FIG. 4 is a graphic depiction of a photomicrograph 
taken of HT-29 colon cancer cells which were added 
to a sample of acridine orange-stained anticoagu- 
lated whole blood which cells were isolated, visually 
identified, and visually confirmed in situ in the tube 
containing the centrifuged blood sample using a 
10X objective lens in an appropriately configured 
microscopical instrument assembly; 

FIG. 5 is a graphic depiction of a photomicrograph 
taken of a single cultured HT-29 colon cancer cell 
added to a sample of acridine orange-stained anti- 
coagulated whole blood using a 50X objective lens 
immersed in oil in an appropriately configured mi- 
croscope assembly, which cell was isolated, visual- 
ly identified, and visually confirmed in situ in the 
tube containing the centrifuged blood sample; 

FIG. 6 is a graphic depiction similar to FIG. 5 of the 
photomicrograph taken in situ in a sampling tube of 
the single cultured HT-29 colon cancer cell in a sam- 
ple of acridine orange-stained anticoagulated 



15 



20 



25 



30 



35 



40 



45 



50 



5 



9 



EP 0 919 812 B1 



10 



whole blood using a SOX objective lens immersed 
in oil in an appropriately configured microscopical 
instrument assembly, wherein the cancer cell was 
highlighted by Cy3-labeled E-cadherin in the centri- 
fuged blood sample; 5 

FIG. 7 is a graphic depiction of a photomicrograph 
taken in situ in a sampling tube of cultured HT-29 
colon cancer cells which were added to a sample 
of acridine orange-stained anticoagulated whole w 
blood and which were isolated, visually detected 
and confirmed using a 200X objective lens im- 
mersed in oil in an appropriately configured micro- 
scopical instrument assembly; 

15 

FIG. 8 is a graphic depiction similar to FIG. 7 of the 
photomicrograph taken of the cultured HT-29 colon 
cancer cells which were added to a sample of acri- 
dine orange-stained anticoagulated whole blood 
and which were isolated, visually detected and con- 20 
firmed using a 200X objective lens immersed in oil 
in an appropriately configured microscopical instru- 
ment assembly, wherein the cancer cells were high- 
lighted by Cy3-labeled E-cadherin in the centri- 
fuged blood sample; 25 

FIG. 9 is a graphic depiction of a photomicrograph 
taken of cultured HT-29 colon cancer cells which 
were added to a sample of acridine orange-stained 
anticoagulated whole blood and which were isolat- 30 
ed, visually identified at 200X magnification, and 
visually confirmed in the centrifuged blood sample; 

FIG. 10 is a graphic depiction similar to FIG. 9 of 
the photomicrograph taken of cultured HT-29 colon 35 
cancer cells in the sample of acridine orange- 
stained anticoagulated whole blood at 200X mag- 
nification wherein the cancer cells were highlighted 
by Cy3-labeled E-cadherin in the centrifuged blood 
sample; *o 

FIG. 11 is a graphic depiction of a photomicrograph 
taken of circulating breast cancer cells detected in 
a sample of acridine orange-stained anticoagulated 
whole blood taken from a patient known to have 45 
metastatic breast cancer, which cells were isolated, 
visually identified using a microscope assembly 
having a SOX objective lens, and visually confirmed 
in situ in the tube containing the centrifuged blood 
sample; so 

FIG. 12 is a graphic depiction similar to FIG. 11, but 
showing the circulating breast cancer cells high- 
lighted by Cy3-labeled E-cadherin in the centri- 
fuged blood sample; 55 

FIG. 13 is a graphic depiction of a photomicrograph 
taken of circulating prostate cancer cells taken from 



a patient known to have metastatic prostate cancer, 
and which cells were isolated, visually identified at 
500X magnification, and visually confirmed in situ 
in the tube containing the centrifuged blood sample; 

FIG. 1 4 is a graphic depiction similar to FIG. 1 3, but 
showing the circulating prostate cancer cells high- 
lighted by Cy3-labeled E-cadherin in the centri- 
fuged blood sample; 

Detailed Description of the Invention: 

[0033] Referring now to the drawings, there is shown 
in FIG. 1 a side elevational view of a sampling tube and 
float assembly, which is referred to hereinafter generally 
as "the paraphernalia" and which includes a transparent 
sampling tube 2 which contains an elongated plastic in- 
sert or float 4. The tube 2 has a lower end 6 which is 
closed off by means of a closure cap 1 0. The tube 2 can 
be a capillary tube, or it can be a larger tube such as is 
described in U.S. Patent No. 5,086,784, issued Febru- 
ary 1 1 , 1 992. The thickness of the gap between the tube 
bore and the insert 4 will be at least about ten microns 
so as to be accessible to target cells. 
[0034] FIG. 2 is a schematic depiction of an automat- 
ed colorimetric microscopical instrument assembly, 
which is denoted generally by the numeral 1 2, and which 
can be used to scan a centrifuged blood sample that is 
contained in the paraphernalia shown in FIG. 1 , andean, 
without human intervention, colorometrically differenti- 
ate between different types of cells in the layers being 
scanned, and can create and store or transmit an image 
of the cell layers being scanned. The instrument assem- 
bly 12 includes a stage 14 which includes at least one 
rotatable support 16 which engages the ends of the 
sample tube 2 and enables the sample tube 2 to be ro- 
tated about its axis as the contents of the tube 2 are 
scanned. A reversible electric motor 18 selectively ro- 
tates a drive screw 20 in opposite directions so that the 
tube 2 can be axially moved in one direction and then 
in the reverse direction as the tube 2 is rotated stepwise 
in the stage 1 4. In this manner, the entire circumference 
contents of the tube 2 can be scanned. The automatic 
embodiment of the instrument assembly 12 includes a 
CCD camera 22 which, by means of a beam splitter 24 
and lens 26, is focused upon the annular sample-con- 
taining gap in the tube assembly 2, which gap is located 
between the tube bore wall and the outer surface of the 
insert 4. It will be appreciated that the operating range 
of the lens 26 will be at least equal to the thickness of 
the gap between the tube bore and the insert 4 in the 
tube 2. The CCD camera 22 views and records images 
of the sample through a plurality of different emission 
light wave filters 28, 30 and 32 which are mounted on a 
selectively rotatable filter wheel 34. The instrument as- 
sembly 12 also includes an excitation light source 35 
which directs an excitation light beam at the sample tube 
2 through the beam splitter 24 and the focusing lens 26. 
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A series of excitation light wave length filters. 36, 38 and 
40 are mounted on a selectively rotatable filter wheel 
42. The excitation light beam is deflected by the beam 
splitter 24 toward the focusing lens 26, and is focused 
on the sample tube 2 by the lens 26. Thus, the two filter 
wheels 34 and 42 allow one to selectively control and 
vary the wave length of the excitation light source, as 
well as the emitted light source. A preprogrammed mi- 
croprocessor controller 44 is operable to selectively 
control the rotation of the sample tube 2, the rotation of 
the filter wheels 34 and 42, and operation of the CCD 
camera 22. The controller 44 thus enables fully auto- 
matic operation of the instrument assembly 12 without 
the need of human intervention. 
[0035] The instrument assembly 12 operates in the 
following manner to capture and record images of the 
results of scanning the blood sample contained in the 
tube 2 for suspicious nucleated cells, and also for con- 
firming the malignant or benign nature of observed sus- 
picious cells in situ in the blood sample. A venous or 
capillary sample of anticoagulated whole blood is drawn 
into the sampling tube 2 and insert 4 assembly. The 
blood sample will be admixed in the tube 2, or prior to 
being drawn into the tube 2, with a fluorescent morpho- 
logical stain such as acridine orange, so that morpho- 
logical characteristics of nucleated cells which are ob- 
served in the blood sample can be analyzed. The blood 
sample is also admixed with an epithelial cell-specific 
marker which is used to determine whether any suspi- 
cious cells noted in the blood sample are of epithelial 
origin. This confirmation procedure was chosen be- 
cause all of the tumorous cancer cells which are being 
assayed are epithelial cells. A preferred antigen that is 
highly specific to a surface receptor on epithelial cells in 
E-cadherin. In order to tag any epithelial cells we prefer 
to use Cy3 conjugated directly to E-cadherin. The Cy3 
is a marker that fluoresces at a different wavelength than 
acridine orange. The admixture of anticoagulated whole 
blood, acridine orange and E-cadherin/Cy3 is centri- 
fuged for a time period of about five minutes in the sam- 
pling tube-insert assembly. The centrifuged sample is 
then placed in the supports 16 on the stage 14, and the 
instrument 12 is turned on. The CCD camera 22 will 
record images of the portion of the centrifuged blood 
sample as the latter is rotated and reciprocated back 
and forth through the focal plane of the camera 22. An 
image of the entire circumference of a target zone in the 
blood sample will thus be produced by the camera 22. 
Separate scans will be made, one of which will record 
the blood sample image as defined by an appropriate 
combination of the filters 28, 30, 32, 36, 38 and 40 which 
is selected so as to differentially fluoresce the acridine 
orange stain added to the sample. This scan will pro- 
duce images of all nucleated cells in the zone of the 
blood sample being scanned. Another scan will record 
the blood sample image as defined by a second appro- 
priate combination of the filters 28, 30, 32, 36, 38 and 
40 which is selected so as to differentially fluoresce the 



E-cadherin, Cy3 or other label. This scan will produce 
images of all of the nucleated cells in the scanned zone 
of the blood sample which are epithelial cells. 
[0036] Additional filter combinations can be used for 

5 additional scans depending on what additional cellular 
information is being sought. Such additional useful in- 
formation could include additional cancer cell-specific 
epitopes which will enable the cytopathologist to identify 
the origin of the cancer cells, i.e., whether they are pros- 

10 tate cancer cells, breast cancer cells, lung cancer cells, 
ovarian cancer cells, or the like, which epitopic informa- 
tion is presently available, or becomes known in the fu- 
ture. The aforesaid analysis of the blood sample can be 
made automatically by the instrument shown in FIG. 2, 

15 or it can be performed by visually scanning the sample. 
The scanning steps and the analysis of the results of the 
scanning steps can be performed in either order. Scan- 
ning of the acridine orange-highlighted cells allows one 
to identify all of the nucleated cells in the scanned zone, 

20 and also allows one to analyze the morphology of the 
nucleated cells in order to identify any cells which ap- 
pear to have a morphology which suggests malignancy. 
Scanning of the E-cadherin/Cy3 highlighted cells allows 
one to identify which of the nucleated cells in the 

25 scanned zone are epithelial cells. Confirmation of the 
presence of an epithelial cell (E-cadherin/Cy3-highlight- 
ed) having abnormal cell morphology (acridine orange- 
highlighted) in the centrifuged blood sample alerts the 
cytopathologist to the strong likelihood of a cancerous 

30 tumor in the blood sample donor. A similar protocol can 
be employed to determine whether suspicious nucleat- 
ed cell are hematologic progenitor cells. 
[0037] Referring now to FIGS. 3-14, there are depict- 
ed the results of photometric imaging of scans of blood 

35 samples taken with the "QBC" paraphernalia, and using 
the aforesaid technology. 

[0038] We conducted experiments wherein cultured 
cancerous tumor cells were added to blood samples, to 
test both the limits of tumor cell detection, as well as to 

40 verify the differential morphology, and to determine the 
location of the tumor cells in the gravimetrically formed 
blood constituent density gradient. These experiments 
confirmed the veracity of the above-described proce- 
dure for isolating, analyzing and confirming the pres- 

45 ence of circulating tumorous cancer cells in anticoagu- 
lated whole blood samples. 

[0039] FIGS. 3 and 4 show recorded images of the 
morphologic appearance of an acridine orange-stained 
cultured breast cancer cell line, MDA-MB-468, (FIG. 3) 

so and an acridine orange-stained cultured colon cancer 
cell line, HT-29, (FIG. 4) which cultured cancer cell lines 
were added to respective 1 0O^il samples of anticoagu- 
lated whole blood. The spiked blood samples were then 
analyzed in accordance with this invention. The blood 

55 sample analyses reliably and reproducibly identified the 
cultured breast and cultured colon cancer cells in the 
blood samples. The cells were generally seen in the 
platelet layer near the platelet-plasma interface. Visual 
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analysis of the highlighted cells made in situ in the sam- 
ple confirmed that they were malignant. 
[0040] FIG. 5 is a recorded image of a single, rather 
large acridine orange-stained HT-29 colon cancer cell 
which was isolated in a 100uJ sample of blood that had 
been doped with a small concentration of cultured HT- 
29 cancer cells. The bright layer to the right of the cancer 
cell is an interface of the centrifuged platelet layer in the 
blood sample. This image was recorded at 500X mag- 
nification. Visual analysis of the highlighted cells made 
in situ in the sample confirmed that they were malignant. 
[0041] FIG. 6 is a view similar to FIG. 5, but showing 
the isolated HT-29 colon cancer cell as it appears when 
viewed through the E-cadherin/Cy3 filter set. It will be 
noted that all other cells in the field are not highlighted, 
while the HT-29 colon cancer cell is clearly visible, thus 
confirming the fact that the large cell is an epithelial cell. 
Visual analysis of the highlighted cell made in situ in the 
sample confirmed that it was malignant. 
[0042] FIG. 7 illustrates the recorded images of acri- 
dine orange-stained cultured HT-29 colon cancer cells 
taken at 200X magnification, when larger populations of 
the cultured cancer cells were added to the blood sam- 
ple. With the larger population of colon cancer cells, the 
cancer cells were seen to be distributed more widely 
throughout the platelet layer and were concentrated in 
several locations, one at the lymphocyte-platelet inter- 
face, and another at the platelet-plasma interface. Vis- 
ual analysis of the highlighted cells made in situ in the 
sample confirmed that they were malignant. 
[0043] FIG. 8 is a view similar to FIG. 7 but showing 
the recorded images of E-cadherin/Cy3 stained colon 
cancer cells which confirms the epithelial origin of the 
highlighted cells. Visual analysis of the highlighted cells 
made in situ in the sample confirmed that they were ma- 
lignant. 

[0044] FIGS. 9 and 10 are illustrative of recorded im- 
ages of acridine orange-stained cultured HT-29 colon 
cancer cells which were added to a blood sample, and 
which were taken at 1 0X magnification. The cancer celts 
were seen to be concentrated near the platelet-plasma 
interface. FIG. 9 shows the cancer cells morphologically 
highlighted by acridine orange; and FIG. 10 shows the 
cancer cells epitopically highlighted by E-cadherin/Cy3. 
Thus FIG. 9 confirms the presence of nucleated cells in 
the plasma layer adjacent to the platelet layer of the cen- 
trifuged blood sample; and FIG. 1 0 confirms that certain 
ones of the detected nucleated cells are epithelial cells. 
Visual analysts of the highlighted cells made in situ in 
the sample confirmed that they were malignant. 
[0045] FIGS. 1 1 and 1 2 are illustrative of recorded im- 
ages of acridine orange-stained circulating breast can- 
cer cells in a blood sample taken from a patient known 
to be suffering from metastatic breast cancer. The can- 
cer cells were seen to be concentrated near the platelet- 
plasma interface. FIG. 11 shows the cancer cells mor- 
phologically highlighted by acridine orange; and FIG. 12 
shows the cancer cells epitopically highlighted by E- 



cadherin/Cy3. Thus FIG. 11 confirms the presence of 
nucleated cells in the plasma layer adjacent to the plate- 
let layer of the centrifuged blood sample; and FIG. 12 
confirms that certain ones of the detected nucleated 
5 cells are epithelial cells. Visual analysis of the highlight- 
ed cells made in situ in the sample confirmed that they 
were malignant. 

[0046] FIGS. 1 3 and 1 4 are illustrative of recorded im- 
ages of acridine orange-stained circulating prostate 

10 cancer cells in a blood sample taken from a patient 
known to be suffering from prostate cancer. The cancer 
cells were seen to be concentrated near the platelet- 
plasma interface. FIG. 13 shows the cancer cells mor- 
phologically highlighted by acridine orange; and FIG. 1 4 

15 shows the cancer cells epitopically highlighted by E- 
cadherin/Cy3. Thus, FIG. 13 confirms the presence of 
nucleated cells in the plasma layer adjacent to the plate- 
let layer of the centrifuged blood sample; and FIG. 14 
confirms that certain ones of the detected nucleated 

20 cells are epithelial cells. Visual analysis of the highlight- 
ed cells made in situ in the sample confirmed that they 
were malignant. The fact that not all cells are highlighted 
by Cy3 markers provides an internal negative control 
which confirms that the epitopically highlighted cells are 

25 epithelial in origin. Non-epitopically highlighted nucleat- 
ed cells are lymphocytes. 

[0047] Experiments were also conducted to deter- 
mine the sensitivity of the aforesaid assay. 
[0048] The standard "QBC" capillary tube holds 1 0OuJ 

30 of blood which contains 1 x1 0 9 of red blood cells (RBCs) 
and 1x10 6 of nucleated cells (granulocytes, lym- 
phocytes, etc.). Thus, without changing the scale of the 
test, the theoretical limit of sensitivity would be 1 cell in 
1x10 6 of nucleated cells. Serial dilutions of HT-29 colon 

35 cancer cells were used to obtain multiple paired 10uJ 
aliquots containing between 1 and 10 cells, or pairs con- 
taining between 1 0 and 1 00 cells. The first aliquot of the 
pair was added to the "QBC" tubes and the second was 
counted with a standard hemocytometer. These exper- 
iments led to the conclusion that the limit of sensitivity 
of this assay approaches the theoretical limit of 1 cell in 
1x10 6 of nucleated cells using a 110^1 tube. Theoreti- 
cally the sensitivity of the test can be increased up to 
ten fold by performing the analysis in a 1 ml blood sam- 

45 pling tube. 

[0049] Although morphometric analysis may be suffi- 
cient for identification of cancer cells, other methods of 
verification may also be necessary. The assay of this 
invention takes advantage of the fact that it can detect 

so abnormal cell morphology, and can also, at the same 
time, verify the epithelial or hematologic progenitor ori- 
gin of any abnormal nucleated cells noted in the blood 
sample. Since the analysis of this invention is nonde- 
structive of the cells, the cells may be removed from the 

55 sampling tube for additional analysis by other methods 
such as the PCR method described in the prior art, or 
by biochemical assay. 

[0050] As an example we chose E-cadherin since this 
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antigen is highly specific for epithelial cells and is dis- 
played on the external surface of the cell membrane. 
For these studies we used Cy3 p which is a cyanamine- 
based fluorophore, and which was conjugated directly 
to E-cadherin monoclonal antibodies to be able to visu- 
alize cell staining at a wavelength other than that used 
for morphometric examination using acridine orange-in- 
duced fluorescence. 

[0051] We have confirmed that malignant nucleated 
epithelial cells can be morphometrically identified in a 
centrifuged sample of anticoagulated whole blood using 
the technique of this invention. Suitable morphometric 
criteria which can be visualized in the blood sample in 
situ in the tube assembly include: intracellular nuclear/ 
cytoplasmic ratios; intracellular nuclear size and shape; 
intracellular nuclear chromatin pattern; the thickness 
and size of the nuclear membrane; and the number and 
size of nucleoli; among other things. We have also de- 
termined that epithelial cancer cells and hematologic 
progenitor cells layer out in the centrifuged anticoagu- 
lated whole blood sample by density, rather than by sed- 
imenting out in the blood sample by size. This determi- 
nation allows the detection of circulating cancer cells 
and/or hematologic progenitor cells in a predetermined 
and known zone in the centrifuged blood sample, i.e., 
in the zone of the centrifuged blood sample where the 
platelets layer out. If the circulating cancer and/or he- 
matologic progenitor cells were to sediment out in the 
blood sample by size, one would be unable to define an 
"zone of interest" where the cancer and/or hematologic 
progenitor cells would be expected to be found. The 
cancer and/or hematologic progenitor cells have been 
found predominantly near the platelet/plasma interface; 
within the platelet layer near the lymphocyte/platelet in- 
terface; or in the lymphocyte layer in artificially over- 
loaded cases, all depending upon the concentration of 
cancer and/or hematologic progenitor cells which are in 
the blood sample. A theoretical sensitivity of the tech- 
nique of this invention, when employing a 1 0OuJ capillary 
tube containing 1x10 6 nucleated cells, is one detected 
cancer and/or hematologic progenitor cell in 1x10 6 nu- 
cleated blood cells in a 1 0OuJ blood sample is attainable. 
As noted above, a ten fold increase in the theoretical 
sensitivity should be achievable if the volume of the 
blood sample were increased ten fold, to about one mil- 
liliter. Verification of the origin of cancer and/or hemato- 
logic progenitor cells in the blood sample can be con- 
firmed by immunofluorescent labeling of suspicious 
cells. Thus visual inspection of the cells will determine 
whether they display cancerous morphometric charac- 
teristics, and immunofluorescence will verify the origin 
of the suspicious cells being inspected. 
[0052] It will be appreciated that the aforesaid proce- 
dures and apparatus can be used to screen patients for 
the presence or absence of cancer cells; can be used 
to assess staging of a malignant tumor; can be used to 
assess the effectiveness of chemotherapy on patients 
being treated for cancer; and can be used to identify and 



enumerate hematologic progenitor cells in the blood 
sample. The detection and enumeration of hematologic 
progenitor cells and cancer cells is of clinical importance 
for stem cell harvesting and purging of cancer cells from 

5. harvested stem cells. The use of this invention as a 
means to assess the effectiveness of chemotherapy 
provides a much more sensitive and rapid way to eval- 
uate the therapy than does CAT scanning, X-ray, or the 
like which are presently used to monitor the size of a 

10 tumor. The effectiveness of chemotherapy may be as- 
sessed by counting the number of cancer cells in the 
blood sample. The counting procedure can be per- 
formed throughout the entire periphery of the well-de- 
fined zone of the tube, or it can be performed throughout 

15 only a portion of the periphery of the aforesaid zone of 
the tube. When the latter approach is taken, the number 
of cancer cells in the sample can be extrapolated by 
solving the formula: 

20 C= N(360°/d) + V: 

wherein M C" is the resultant cell concentration; "N" is the 
number of target cells counted; M d" is the degree of ro- 

25 tation of the tube which was examined for target cells 
divided by "V" which is the volume of the sampling tube.. 
The cell enumerating can be performed by means of a 
photometric counter, or can be done visually. The pho- 
tometric approach can use a combination of epitopic la- 

30 bels which will differentially highlight either cancer and/ 
or hematologic progenitor cells or other non-cancer 
cells. In this manner the highlighted and/or non-high- 
lighted cells will be counted. The morphometric analysis 
can also be performed photometrically. The visual ap- 

35 proach can use a morphometric stain such as acridine 
orange or the other morphometric stains identified 
above. 

[0053] Advantages of the N QBC n technique and appa- 
ratus to diagnose and enumerate cancer cells in circu- 
it) lating blood over the FACS and molecular techniques 
include: 1) the relatively short period of time needed to 
perform the blood analysis; 2) the fact that the system 
can be integrated into standard laboratory equipment 
that all pathologists are capable of using without exten- 
ds sive training; 3) unfixed cells can be examined in a fluid 
medium so as to eliminate fixation artifacts; 4) only a 
relatively small blood volume is needed to perform the 
analysis; 5) the technique is equally sensitive as the mo- 
lecular technique in that one cancer cell can be detected 
so in a sample containing 1 0 6 -1 0 7 normal nucleated cells; 
6) the fact that the "QBC" technique utilizes a closed 
sampling and analysis system so as to eliminate cross 
contamination, which is a major problem in the molecu- 
lar procedure; 7) the elimination of cellular contamina- 
55 tion due to contaminating floating cells in fixation stains 
which are used in routine cytological procedures; and 
8) the analysis of this invention is safer for the techni- 
cians performing the analysis since they will not be ex- 
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posed to the blood sample being analyzed. 
[0054] The specific insert and tube shown in the draw- 
ings are cylindrical; however, they could also be made 
polygonal. The only limiting factor regarding the trans- 
verse configurations of the tube and insert is that they 
be complimentary with each other. The analysis of the 
blood sample is made under suitable magnification by 
a microscopical instrument, preferably equipped with a 
CCD camera. The gap formed in the tube between the 
tube and the insert is transversely sized so that individ- 
ual target cells can be isolated and can be readily dis- 
cerned, enumerated and morphometrically analyzed 
within the gap. The transverse thickness of the gap is 
also within the focal operating range of the microscopi- 
cal instrument being used to analyze the gap. 
[0055] It will be appreciated that the method of this 
invention, in its broadest sense, involves detecting the 
presence or absence of individual circulating target nu- 
cleated cells in a centrifuged sample of anticoagulated 
whole blood contained in a tube that also contains a gen- 
erally cylindrical insert. The insert forms a well-defined 
annular zone in the tube. The blood sample is combined 
with one or more epitope-specific labeling agents that 
are operative to produce a characteristic signal result 
on target nucleated cells, which result can include no 
signal at all, and which result defines the presence or 
absence of one or more epitopes on the target nucleated 
cells. The blood sample is also combined with a colorant 
which is operable to clarify cell morphology in all nucle- 
ated cells in the blood sample. Circulating nucleated 
cells are thus identified by cell morphology, and ail iden- 
tified nucleated cells which by reason of their morphol- 
ogy may be target cells are further characterized as tar- 
get or non-target cells epitopically. By way of further ex- 
planation, assume that a specific combination of 
epitopes "A" and "B" is characteristic of a target cell, but 
not characteristic of other cells in the blood sample. The 
presence or absence of only one of these epitopes; or 
the presence or absence of both of these epitopes could 
be characteristic of the target cell. Thus, any one of four 
different respective epitope-specific labeling agent sig- 
nal results of: A and no B; B and no A; both A and B; or 
no A and no B, could be used to characterize the target 
cell. The identifying and characterizing steps can be per- 
formed in situ in the tube. Obviously, more, or less, than 
two different epitopes could be employed in the charac- 
terization of target cells. 

[0056] Since many changes and variations of the dis- 
closed embodiment of the invention may be made with- 
out departing from the inventive concept, it is not intend- 
ed to limit the invention otherwise than as required by 
the appended claims. 



Claims 

1 . A method for detecting cancer cells and/or hemato- 
logic progenitor cells in a sample of anticoagulated 



whole blood, said method comprising the steps of: 

a) providing a sample of anticoagulated whole 
blood containing an epitopic cell labeling agent 

5 operable to differentiate cancer cells and/or he- 

matologic progenitor cells from other nucleated 
cells in the sample, said sample being con- 
tained in a transparent tube which also contains 
an insert creating a well-defined gap between 

10 the tube and the insert; 

b) centrifuging the sample of blood in the tube 
so as to gravimetrically separate the blood 
sample into its constituent components by den- 
ts sity; 

c) the insert of step (a) having such a specific 
gravity which causes it to settle into the centri- 
fuged sample to a degree that any nucleated 

20 cells to be detected will be layered out in said 

gap; 

d) examining said gap in order to determine 
whether any epitopically differentiated cancer 

25 cells and/or hematologic progenitor cells are 

present in said gap. 

2. The method of claim 1 , wherein 

the blood sample further contains a stain which is 
30 operable to clarify cell morphology in all nucleated 
cells in the blood sample, 
and wherein the cell morphology of any nucleated 
cells present in the gap after centrifugation thereof 
is examined. 

35 

3. The method of claim 1 or 2, wherein 

any cancer cells and/or hematologic progenitor 
cells which are found to be present in said gap are 
enumerated. 

40 

4. The method of any one of claims 1 to 3, wherein 
the gap which is examined, is the zone wherein 
platelets in the blood sample have gravitated during 
centrifugation, or a zone adjacent thereto. 

45 

5. The method of any one of claims 1 to 4, wherein 
the blood sample is combined with one or more 
epitope-specific labeling agents operable to differ- 
entiate by epitopically highlighting nucleated epi- 

50 thelial cells which may be present in the blood sam- 
ple, 

the blood sample is combined with a stain operable 
to clarify cell morphology in nucleated cells in the 
blood sample, 

55 any nucleated epithelial cells found in said gap after 
centrifugation are enumerated in situ, 
the cell morphology of any nucleated cells found in 
said gap after centrifugation is examined in situ, 
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said combining steps being performed either before 
or after the blood sample is placed in the tube, and 
said enumerating and examining steps being per- 
formed in no particular order. 

6. The method of any one of claims 1 to 4, wherein 
the blood sample is combined with one or more 
epitope-specific labeling agents operable to differ- 
entiate by epitopically highlighting hematologic pro- 
genitor cells which may be present in the blood 
sample, 

the blood sample is combined with a stain operable 
to clarify cell morphology in nucleated cells in the 
blood sample, 

any hematologic progenitor cells found in said gap 
after centrifugation are enumerated in situ, 
the cell morphology of any nucleated cells found in 
said gap after centrifugation is examined in situ, 
said combining steps being performed either before 
or after the blood sample is placed in the tube, and 
said enumerating and examining steps being per- 
formed in no particular order. 

7. The method of any one of claims 3 to 6, wherein 
said enumerating and examining steps are per- 
formed with an automated microscopical instru- 
ment. 

8. The method of claim 7, wherein gap has a trans- 
verse thickness which is essentially equal to a focal 
operating range of the microscopical instrument at 
a predetermined power. 

9. The method of claim 8, wherein said transverse 
thickness is within a range of ten to one hundred 
mircons. 

10. The method of any one of claims 1 to 9, wherein a 
blood sampling tube is used which contains an ax- 
ially elongated, generally cylindrical insert which 
forms an annular gap between the tube and the in- 
sert. 



Patentanspruche 

1 . Verfahren zum Nachweis von Krebszellen und/oder 
hamatologischen Vorlauferzellen in einer Probe 
von antikoaguliertem Gesamtblut, aufweisend die 
folgenden Schritte: 

a) Zurverfugungstellen einer Probe von antiko- 
aguliertem Gesamtblut, welches ein epitopi- 
sches Zellenmarkierungsmittel enthalt, das ge- 
eignet ist, Krebszellen und/oder hamatologi- 
sche Vorlauferzellen von anderen kernhaltigen 
Zellen in der Probe zu unterscheiden, wobei die 
Probe in einer transparenten Rohre enthalten 



ist, welche auch einen Einsatz enthalt, der ei- 
nen gut definierten Spalt zwischen der RChre 
und dem Einsatz erzeugt; 

b) Zentrifugieren der Blutprobe in der Rohre, 
urn gravimetrisch die Blutprobe in ihre konsti- 
tuierenden Komponenten aufgrund der Dichte 
zu trennen; 

c) der Einsatz aus Schritt a) hat eine derartige 
spezifische Dichte, welche bewirkt, dass er bis 
zu einem Grad in der zentrif ugierten Probe zum 
Ruhen kommt, dass irgendwelche zu detektie- 
rende kernhaltige Zellen in dem genannten 
Spalt geschichtet sind; 

d) Untersuchen des Spalts, urn festzustellen, 
ob epitopisch differenzierte Krebszellen und/ 
Oder hamatologische Vorlauferzellen in dem 
Spalt vorhanden sind. 

2. Verfahren nach Anspruch 1 , bei welchem die Blut- 
probe auBerdem einen Farbstoff enthalt, welcher 
geeignet ist, die Zellmorphologie aller kernhaltigen 
Zellen in der Blutprobe zu verdeutlichen; 
und wobei die Zellmorphologie von irgendwelchen 
nach Zentrifugation in dem Spalt vorhandenen 
kernhaltigen Zellen untersucht wird. 

30 3. Verfahren nach Anspruch 1 oder 2, wobei irgend- 
welche Krebszellen und/oder hamatologische Vor- 
lauferzellen, welche in dem Spalt vorgefunden wer- 
den, ausgezahlt werden. 



35 4. Verfahren nach einem der Anspruche 1 bis 3, wobei 
der Spalt, welche untersucht wird, jene Zone ist, 
bzw. eine dazu benachbarte Zone ist, in welche 
Plattchen in der Blutprobe wahrend der Zentrifuga- 
tion durch Gravitation gelangt sind. 

40 

5. Verfahren nach einem der Anspruche 1 bis 4, bei 
welchem 

die Blutprobe mit einem Oder mehreren Epitop-spe- 
zifischen Markierungsmitteln gemischt wird, welche 

45 (s) geeignet sind (ist), durch epitopisches Markie- 
ren kernhaltige Epithelzellen zu differenzieren, wel- 
che in der Blutprobe vorhanden sein konnen, 
die Blutprobe mit einem Farbstoff gemischt wird, 
welcher geeignet ist, die Zellmorphologie kernhalti- 

50 ger Zellen in der Blutprobe zu verdeutlichen, 

irgendwelche kernhaltige Epithelzellen, welche in 
dem Spalt nach Zentrifugation gefunden werden, in 
situ ausgezahlt werden, 

die Zellmorphologie irgendwelcher kernhaltiger 
55 Zellen, welche nach Zentrifugation in dem Spalt ge- 
funden werden, in situ untersucht wird, 
wobei die Schritte des Mischens entweder vor Oder 
nachdem die Blutprobe in der RGhre platziert wird, 
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durchgefuhrt werden, und 
die Schritte des Auszahlens und Untersuchens in 
keiner bestimmten Reihenfolge durchgefuhrt wer- 
den. 

6. Verfahren nach einem der Anspruche 1 bis 4, bei 
welchem 

die Blutprobe mit einem Oder mehreren Epitop-spe- 
zifischen Markierungsmittel gemischt wird, welche 
(s) geeignet sind, durch epitopisches Markieren ha- 
matologische Vorlauferzellen zu differenzieren, 
welche in der Blutprobe vorhanden sein konnen, 
die Blutprobe mit einem Farbstoff gemischt wird, 
welcher geeignet ist, die Zellmorphologie in kern- 
haitigen Zellen in der Blutprobe zu verdeutlichen, 
irgendwelche hamatologische Vorlauferzellen, wel- 
che in dem Spalt nach Zentrifugation gefunden wer- 
den, in situ ausgezahlt werden, 
die Zellmorphologie irgendwelcher kernhaltiger 
Zellen, welche nach Zentrifugation in dem Spalt ge- 
funden werden, in situ untersucht wird, 
die Schritte des Mischens entweder bevor Oder 
nachdem die Blutprobe in der Rohre platziert wird, 
durchgefuhrt werden, und 
die Schritte des Auszahlens und Untersuchens in 
keiner bestimmten Reihenfolge durchgefuhrt wer- 
den. 

7. Verfahren nach einem der Anspruche 3 bis 6, wobei 
die Schritte des Auszahlens und Untersuchens mit 
einem automatisierten mikroskopischen Instrument 
durchgefuhrt werden. 

8. Verfahren nach Anspruch 7, wobei der Spalt eine 
Dicke in Querrichtung hat, welche im wesentlichen 
gleich einem Fokusbetriebsbereich des mikrosko- 
pischen Instruments bei einer vorher bestimmten 
VergrdRerung ist. 

9. Verfahren nach Anspruch 8, bei welchem die Dicke 
in Querrichtung in einem Bereich von 1 0 bis 1 00 u.m 
ist. 

10. Verfahren nach einem der Anspruche 1 bis 9, wobei 
eine Blutproben rohre verwendet wird, welche einen 
axial langlichen, im allgemeinen zylindrischen Ein- 
satz enthalt, welcher einen ringformigen Spalt zwi- 
schen der Rdhre und dem Einsatz bildet. 



Revendications 

1. Procede de detection de cellules canc£reuses et/ 
ou de cellules souches hematologiques dans un 
echantillon de sang complet anticoagule, ledit pro- 
cede comprenant les Stapes de : 

a) preparation d'un echantillon de sang complet 



anticoaguie, contenant un agent de marquage 
cellulaire epitopique, pouvant differencier des 
cellules cancereuses et/ou cellules souches 
hematologiques, d'autres cellules nucleees 
5 dans I'echantillon, ledit echantillon etant pre- 

sent dans un tube transparent, qui contient 
6galement un insert creant un intervalle bien 
defini entre le tube et I'insert ; 

10 b) centrifugation de Techantillon de sang dans 

le tube de manfere a separer par gravimetrie 
I'echantillon sanguin en ses composants cons- 
tituants par density ; 

15 c) I'insert de I'etape (a) ayant une masse spe- 

cifique telle qu'il se place dans I'echantillon 
centrifuge a un niveau tel que n'importe quelle 
cellule nucieee a detecter sera rassemblee 
dans ledit intervalle ; 

20 

d) examen dudit intervalle af in de determiner si 
des cellules cancereuses et/ou des cellules 
souches hematologiques differenciees de ma- 
nure epitopique, quelconques, sont presentes 
25 dans ledit intervalle. 

2. Proc6d6 selon la revendication 1, dans lequel 
I'echantillon sanguin contient en outre, un colorant, 
qui peut fonctionner pour clarifier la morphologie 

30 cellulaire de toutes les cellules nucleees dans 
I'echantillon sanguin, 

et dans lequel la morphologie cellulaire de n'importe 
quelle cellule nucle6e dans I'intervalle apres centri- 
fugation est examinee. 

35 

3. Proc6d6 selon la revendication 1 ou 2, dans lequel 
n'importe quelle cellule canc6reuse et/ou cellule 
souche hematologique, que Ton trouve dans ledit 
intervalle, est enum6r6e. 

AO 

4. Proc6de selon I'une quelconque des revendications 
1 a 3, dans lequel I'intervalle qui est examine, est 
la zone dans laqueile les plaquettes de I'echantillon 
sanguin se sont rassemblees pendant la centrifu- 

45 gation, ou une zone adjacente a celle-ci. 

5. Procede selon I'une quelconque des revendications 
1 a 4, dans lequel Techantillon sanguin est combine 
a un ou plusieurs agents de marquage specifiques 

so d'6pitope, pouvant differencier par marquage 6pito- 
pique, des cellules 6pitheliales nucleees, qui peu- 
vent §tre presentes dans Techantillon sanguin, 
I'echantillon sanguin est combine a un colorant pou- 
vant fonctionner pour clarifier la morphologie cellu- 

55 laire des cellules nucleees dans I'echantillon san- 
guin, 

on 6numere n'importe quelle cellule gpitheliale nu- 
cleee trouv^e dans ledit intervalle apres centrifuga- 
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tion, in situ, 

la morphologie cellulaire de n'importe quelle cellule 
nucle^e trouv£e dans ledit intervalle aprfcs centrifu- 
gation, est examinee in situ, 

lesdites Stapes de combiner etant r6alis6es avant 5 
ou apr&s que l'6chantillon sanguin ait 6t£ place 
dans le tube, et 

lesdites etapes d'enum§ration et d'examen n'etant 
pas r6alisees selon un ordre particulier. 

10 

6. Proced6 selon Tune quelconque des revendications 
1 a 4, dans lequel I'echantillon sanguin est combing 
a un ou piusieurs agents de marquage specif iques 
d'epitope, pouvant differencier par marquage epito- 
pique, des cellules souches hematoiogiques, qui 15 
peuvent §tre pr6sentes dans I'echantillon sanguin, 
I'echantillon sanguin est combine a un colorant pou- 
vant fonctionner pour clarifier la morphologie cellu- 
laire des cellules nucieees dans I'echantillon san- 
guin, 20 
on enumere n'importe quelle cellule souche hema- 
tologique trouvee dans ledit intervalle aprfcs centri- 
fugation, in situ, 

la morphologie cellulaire de n'importe quelle cellule 
nucl66e trouvee dans ledit intervalle aprfcs centrifu- 25 
gation, est examinee in situ, 
lesdites etapes de combiner etant realisees avant 
ou apr&s que I'echantillon sanguin ait 6te place 
dans le tube, et 

lesdites etapes d'6numeration et d'examen n'etant 30 
pas realisees selon un ordre particulier. 

7. ProcedS selon Tune quelconque des revendications 
3 a 6, dans lequel lesdites etapes Enumeration et 
d'examen sont realisees avec un instrument mi- 35 
croscopique automatism. 

8. Procede selon la revendication 7, dans lequel I'in- 
tervalle a une epaisseur transversale qui est essen- 
tiellement egale a une amplitude de fonctionnement *o 
focal de instrument microscopique a une puissan- 
ce pr6d§termin6e. 

9. Procede selon la revendication 8, dans lequel ladite 
epaisseur transversale se situe dans un intervalle *s 
allant de 10 a 100 urn. 

1 0. Procede selon Tune quelconque des revendications 
1 a 9, dans lequel un tube d'echantillonnage san- 
guin est utilise, lequel contient un insert axialement so 
allonge, g6n6ralement cylindrique, qui forme un in- 
tervalle annulaire entre le tube et insert 
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FIG. 3 




FIG. 4 
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FIG. 5 




FIG. 6 
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FIG. 8 
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FIG. 9 




FIG. 10 
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FIG. 11 
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FIG. 13 
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